Abstract
Introduction
Wearable technology can be divided into two categories, Personal Assistants and Personal Enhancements (VASE Lab, 2000) . While overlapping at many areas, almost all of what is considered wearable technology can be assigned into one of these two categories.
The Virtual Applications, Systems and Environments Laboratory of the University of Essex defines Personal Assistant as being a wearable computer which has been designed to assist a user in achieving a task, whereas Personal Enhancement is defined to be a wearable computer which has been designed to provide a user with some kind of enhancement.
In this paper I will extend these definitions to embrace also other technologies not directly related to computing. Mainly this concerns the concept of smart clothing, or intelligent clothing, which can be seen as a Personal Assistant or a Personal Enhancement depending on the type of use the clothing is intended for.
In chapter 2 I will describe the background for wearable technology; what has happened before the 21st century. Chapter 3 will give the status of currently available wearable components. How these components are combined into wearable computers is discussed in chapter 4. Augmented reality and smart clothing are described in chapter 5. Chapter 6 shows a usage example of these technologies in the Land Warrior program. Chapter 7 analyzes the effects and acceptance of wearable computers into contemporary society and offers a look into the future. Chapter 8 concludes these discussions.
Motivation
Why would I use wearable technology? First of all, wearable computers allow unobtrusive access to everything a typical desktop computer can provide. A head-mounted display allows me to browse or generate data while paying attention to the world around me, for example taking notes while looking at the blackboard in front of the class, or reading e-mail while walking down the street. I might need both of my hands to do something and simultaneously have the instructions before my eyes. At the extreme, I could have the reality augmented by a computer showing data relevant to the surroundings right on top of the elements the data relates to. For example, while walking in an art gallery, my see-through display can show titles and descriptions beside the paintings I see.
Smart clothing, on the other hand, can provide me with an extended capability in completing a task. One of the major areas of this kind of research is extreme climate clothing. Smart clothing for extreme environments will allow humans to work in such conditions where surviving was impossible in the past. Smart clothing can also incorporate technology from wearable computing with less obviousness. For example, a mobile phone can be separated into its subcomponents which can be designed to seamlessly merge in the clothing. 
Glossary and acronyms

History
Wearable technology in the form of smart clothing has been available for decades and become so obvious that most people do not really see it as wearable technology. Wearable technology can be seen in special-purpose suits as designed for policemen, firemen andultimately -spacemen.
The police uniform contains details not seen in common clothing: flashlight holder, sidearm holster and an incorporated radio communications device. Protective gear designed for smokediving includes the suit made of fireproof material, a compressed air breathing device and helmet with a see-through face mask. An astronaut's pressure suit is a wearable technology on its own. It has been designed to sustain human life in the airless radiation-full environment of empty space. It has a life support system, a power unit and various containers for tools and parts, just to name a few.
Technology
Technology for putting together a practical -although expensive -wearable computer system exists already. A wearable computer archetype consists of a display unit, a CPU unit, an input device, a power source, and the connections between those units. Different existing implementations for these components are described in this chapter.
Output Methods
The most obvious output method is the display. Displays are what computer users have been accustomed to, and they are also the most commonly available output method for wearable computers. There are currently available two types of head-mounted displays (HMD's) available: opaque and see-through.
Wearable opaque displays are miniature versions of the LCD displays commonly used in PDA's. They are usually one inch in diameter, and can produce an image with a resolution of 800 x 600 pixels in 8-bit depth (256 distinct colors). Opaque displays are generally implemented as separate head-mounted displays or as clip-ons for eyeglasses. See figure 1.
See-through displays perform the same function as opaque displays, but they are designed so that user sees through the displayed image into the surrounding world. The Micro Optical Corporation's solution uses ordinary eyeglasses with a special reflecting prism integrated in the lens. In the frame of the eyeglasses is an LCD projector which generates the beams of light which will be reflected into the user's eyes in order to produce an image of appearing a few feet in front of the user. See figure 2. The resolution of this integrated eyeglasses display is 320 x 240 pixels with 16-bit color depth (65536 colors) and 60Hz refresh rate. More inventive way to produce user output is the tactile display researched at the Carnagie Mellon university (Gemperle et al., 2001) . It consists of a harness with a number of small vibrating devices like those used in mobile phones. These vibrators can be controlled by a computer to vibrate at different speeds and sequences to give the user different signals.
While very restricted, this method of output can be useful in extreme situations like in loud noise environment where audio output is impossible, or bright daylight where optical display may be impractical. 
Input Methods
Input to a wearable computer can be provided in numerous ways, and a keyboard is the easiest of them -learning-wise, that is. A full-sized keyboard might be cumbersome to bear or use, even if there are PDA-size keyboards that can be attached to the wrist for easy portability. See figure 3 for an image of WristPC Keyboard, a waterproof QWERTYkeyboard from L3 Systems. A different implementation is the chord keyboard. It can be shaped to fit in the palm of hand and not be much larger than that. A chord keyboard uses combinations of multiple simultaneous key presses to produce a single character so, that the entire keyspace is easily available with only one hand. Of course, this kind of keyboard requires the user to relearn typing. Newest devices do not employ actual buttons at all. The Lightglove uses five LED's and optical sensors to detect the finger movements on a virtual keyboard (Howard, Howard; . When a finger "presses" a key, a change in the light beam reflection is detected. The motion sensors in the device are used to determine the hand's location on the virtual keyboard and the pressed key. For user convenience, the virtual keyboard and hand location can be shown on the computer display.
In most situations where the user is incapable of handling the computer with hands, for example when rock-climbing, she has the alternative of voice control. However, the current level of publicly available voice recognition technology restricts the usage into single, separate command words for general-purpose out-of-the-box voice control. More sophisticated recognition is also possible, but then the analyzing software must be taught the speech patterns of the user.
CPU Unit
The system architecture of choice for wearable computers is the PC/104 technology. The PC/104 architecture is designed for embedded computers and it basically compresses regular PC architecture into an ultra-small package. It offers a standard and a compatible PCbus for combining parts from several manufacturers, as opposed to manufacturer-specific embedded computers which are not compatible with one another. As the architecture is x86-compatible, common operating systems such as GNU/Linux and Windows NT can be run in a PC/104 system.
One example of the PC/104 architecture is the Matchbox PC by Tiqit Computers. It is a match box sized PC-compatible computer originally designed at Stanford University. With a battery pack and a port expander, it can be used as any desktop PC could.
Power
Power consumption is and will be one of the main problems in wearable computing. The size and operation time of a portable computer are inversely proportional to each other. Smaller and lighter devices have smaller battery packs with shorter operation times, whereas laptop computers with large displays require large and heavy batteries. This will directly reflect in the design of wearable computers. Wearable computer systems will require a separate battery pack to be placed somewhere and connected to the other components of the system. As the wearable display, input and CPU components are very small and light, the battery pack can contribute up to 50% of the total weight of the system.
There are also other alternatives for producing electricity for wearable computers. These include shoes and clothes which use the normal movement, stretching, flexing and heat production of the user for producing power. According to the Center for Space Power and Advanced Electronics, a NASA commercial center in Alabama, the human body is on average 15% fat, capable of producing 11,000 watt hours. In theory, up to 163 watts can be captured from a walking person, but the efficiency of, for example, body heat energy harvesting is currently only 3%. On a slightly better level, the technology using piezoelectric devices to generate electricity from the mechanical strain on a walking person's shoe is still reaching for the 1 watt goal, which is not enough to fuel a full wearable computing system. (Baard, 2001) 
Connections
If one purchases a complete wearable computer system from one manufacturer, there should not be any problems in attaching the components as they are designed to interface with one another. However, if the system is built from separate components acquired from several manufacturers, one has to carefully select the components so that it will be possible to interconnect them, as there are no clear standards for connecting different wearable devices. Bluetooth and similar wireless connections are emerging in the handsfree sets of mobile phones and are a viable solution for wearable computers, too, if the power usage problems can be solved. A wireless connection to from the display unit to the computer unit is not worth much if a cord still runs to the battery pack.
Personal Assistants
As defined earlier, Personal Assistant (PA) is a wearable computer which has been designed to assist a user in achieving a task. PA is a separate device which has to be specifically accessed to use. This means that a PA is not necessarily always on, or constantly in plain view. In this chapter we look into two kinds of PA's, wrist computers and other wearable computer devices.
Wrist Computers
Most of the wrist computers available are not general-purpose computers but instead are smart watches with special features. For example, the Casio WMP-1V is a wearable MP3-player, and the Casio WQV-1 is a digital camera embedded in a watch with a color display (Narayanaswami, Raghunath; 2000) . More general devices such as the Casio PC Unite have PIM features and the ability to synchronize the data with a desktop computer.
The main limiting factor for a wrist computer is the size. As the device has to be more or less wrist watch sized, it restricts the battery size and hence CPU power, and the display size. In addition, the lack of surface area greatly restricts the input methods available for the user. One of the research projects in this field is the IBM smart watch with a high resolution display (Narayanaswami, Raghunath; 2000) . Its goal is to design an open, extensible computing platform with a touch screen user interface, thus giving more area to the display at the expense of buttons.
Wearable PC's
The next step from a wrist computer is basically a wearable version of a laptop PC. Essentially it consists of 4 components: CPU unit, display device, input device and battery pack. These provide the wearer with the complete functionality of a general-purpose laptop PC. The uses of this kind of system are the same as the uses of a laptop PC -text editing, contact management, web surfing, etc. -but the added invisibility and ease of transportation by hiding the components within clothing will give the user much more opportunities to use the system.
For example, the MIT Media Lab is developing MIThril, a new context aware wearable computing research platform which is a wearable computer system based on the Intel R StrongARM processor (MIT Media Lab, 2001).
Personal Enhancements
As defined earlier, Personal Enhancement (PE) is a wearable computer which has been designed to provide a user with some kind of enhancement. PE is most likely a computer or piece of clothing, that is constantly worn and accessible, and providing the user with constant capability enhancement in one form or another. In this chapter we look into two kinds of PE's, wearable computers augmenting reality and smart clothing.
Augmented Reality
Augmenting reality with a wearable computer system and a see-through display will probably be a killer-app in the future. It provides endless possibilities in attaching additional information for every object in sight. For example, an architect could visit a construction site wearing a computer system and a see-through display which would show the blueprints of the structure superimposed on the actual construction in process, showing the architect what still has to be done and what it will look like. Similarly, any object visible to the user could have an information tag attached to it, the tag being shown in the HMD when the user looks at the object. For example, all paintings in a gallery could have tags which state the name of the painting and the artist, and some additional background information. (Starner et al., 1996) This has been researched -among others -at the Columbia University's KARMA project (Knowledge-based Augmented Reality for Maintenance Assistance). The project aims to develop a wearable computing system which gives a maintenance or construction worker a blueprint view of the task at hand, and displays it on top of the actual target. By dividing the blueprints into time slots, the maintenance worker can be shown only the instructions relevant to the current phase of work. (Feiner et al., 2001) There are two major obstacles in the way of flexible and usable augmented reality. The first is determining the location and orientation of the user, and the second is locating the remote objects and obtaining relating data. Outdoor user location requires military-grade GPS to achieve the 10-100cm accuracy required for precisely positioning the computer image on top of the real world image. Likewise, very precise angle measuring is required for determining the orientation of the user's head. Remote object detection would be possible with, for example, embedding Bluetooth in every object that wishes to show additional information to a wearable computer user. If the location of these Bluetooth devices is accurately known, also the wearable computer can be located by triangulating its position with the Bluetooth signals.
Smart Clothing
Examples and background for smart clothing were already discussed in chapter 2. The most common smart clothing used is probably the ESD textiles required to be worn by many electronics companies in order to prevent damage caused by static electricity. Also, the power generation methods described in chapter 3.4 which harness human energy can be considered smart clothing as they are special technology embedded in normal clothing.
A more sophisticated item of clothing technology is the Cyberia suit by a Finnish company Reima-Tutta (Rantanen et al., 2000) . It monitors its wearer's movements, positions and acceleration, and registers internal and external temperature and the wearer's heart rate. These sensors allow the suit to determine if the user is in a possible accident or risk situation, for example impact or falling into water. If such a situation is detected, the user is alarmed. If the user fails to turn off the alarm, an alert is sent to a preprogrammed GSM-number with the location data. The suit also contains heating equipment to increase wearer performance in extreme conditions, and a snow melting pocket for survival aid.
Land Warrior
The United States Army is running a program which seeks to combine a individual foot soldiers into a cohesive fighting force by using mobile equipment for wireless communication, navigation, information interchange, and sophisticated sensing devices and weaponry. (Murray, 2000) The system consists of two main units: the LW computer and the LW communicationsnavigation (CommNav) unit linked by USB. The main computer running Microsoft R Windows 2000 controls the whole system, and drives the soldier's head-mounted display. The CommNav unit contains a GPS receiver for positioning, and a wireless LAN card for communicating with other soldiers, and it operates with Microsoft R Windows CE. Other devices linked to the system are the laser rangefinder and digital compass, a daylight video and thermal sight device and a mouse device, all mounted on the soldier's weapon.
The Land Warrior software provides data messaging, text editing, dynamic mapping and situation awareness information displays and facilities. The mapping component shows the location of each member of the platoon, and it can be used to add targets, route plans, mine fields etc., which can then be transmitted to other recipients. The soldiers can also send and receive operational orders, intelligence information, logistics reports, tactical fire support requests and calls for medical assistance. This information, when properly used, gives an individual soldier a much larger picture of the current situation when compared to a non-networked soldier, thus enabling her to make better tactical decisions.
Acceptance and Future
When mobile phones first came to the market, it was generally seen as a sign of a snob if a person openly used a mobile phone. Currently, PDA's are going through the same transition. However, mobile phones were the major ice breaker for the masses accepting new gadgets as a part of their everyday lives, and PDA's are fast establishing themselves as the tool of choice for mobile businessmen and technical experts. An accelerating factor is the similar physical appearance of PDA's and mobile phones, and the appearance of a person using either.
Wearable computers will possibly be a different thing, because they impose an appearance restriction on their users. A wearable computer has to be in plain view all of the time to be usable as intended. For example, a user will have a head-mounted display attached to her eyeglasses, either being used or turned to the side. It will be a visible detail which discriminates a user of wearable computers from the general public. Except for a few pioneers who want to show they are different, people generally want to blend in. Thus, wearable computers will not gain popularity -much less a significant market share -until they are very discreet and unobtrusive, so that users can wear their hardware without every other passer-by looking at them strangely for wearing a head-mounted display on their temple.
These observations lead us to the conclusion that wearable computers will not probably take off until inexpensive and practically invisible components and systems are available. These requirements can be realized in completely sun-or eyeglasses-integrated displays and small chord keyboards that fit in a pocket. The CPU and battery units have to be concealed in clothing at least as well as a mobile phone and a hands-free kit can be concealed today.
Conclusion
Components for building a complete wearable computer are available, but not readily. Because the computer industry has not yet embraced a standard for wearable computers, building such a system is practically possible only for hackers and research groups. In addition, most components are still priced to the prototype level.
Wearable computer research is, however, steadily maturing into a consumer product industry. The devices available today are mostly prototypes or expensive special equipment, but they are rapidly approaching the threshold where they become inexpensive enough to be available for the general public. In a few years, as a wearable computing standard will eventually be embraced by the computer industry, and as the display technology is slowly becoming cheap enough, we are allowed to expect wearable computers appear beside PDA's and laptops in stores.
Wearable computers offer the computing power of a laptop in a device which is easier to access than a PDA. Wearable computers therefore have the chance of replacing both PDA's and laptops within the decade.
